An aging society is a common trend in all countries. Long-term care is a policy that must be implemented in an aging society. Therefore, how to develop an intelligent cloud-based information system to efficiently support long-term care and manage related resources is an important issue. In recent years, open data, artificial intelligence and cloud computing are popular information technologies. This study proposes an Intelligent Cloud-based Health Care Architecture (ICHCA) that is composed of data presentation module, data source module, intelligent module and cloud computing module to facilitate the development of long-term care information systems. This study develops a Cloud Medical Knowledge Platform(CMKP) prototype to verify the feasibility of the proposed ICHCA.
Introduction
The aging society is a common social phenomenon in all countries. Long-term care is mainly for those who need care service provided by others due to the disability in everyday life. These cases are mostly the elderly aged above 65. Taiwan government proposed a ten years long-term care 2.0 project to support aging society. The lack of long-term care resources is an issue that needs urgent improvement. Therefore, how to use information technologies to make good use of long-term care resources is a topic worth studying. This study proposes an Intelligent Cloud-based Health Care Architecture (ICHCA) that is composed of data presentation module, data source module, intelligent module and cloud computing module to facilitate the development of long-term care information systems.
The proposed ICHCA adopts Association Rule, Spark [10] is an open-source platform for fast cluster computing. The major characteristic is that it uses In-memory technique, and finally stores the computing results in the hard disk, so as to reduce the I/O time in the hard disk. Spark architecture consists of the cluster manager, core and internal library. The Spark Core includes the basic functions such as scheduling and memory management, as well as the API of the major Resilient Distributed Datasets(RDD). The cluster manager is a Standalone Scheduler built in Spark. The internal library provides Spark SQL, Spark Streaming, MLlib and GraphX. The distributed resource manager Apache Mesos is a distributed system core. Mesos considers the multi-node resources as a single high-performance computer, including the CPU, memory, hard disk and other computing resources on the node. It shares the available resources on the node among different applications without mutual interference.
Intelligent Cloud-based Health Care Architecture
The section describes an Intelligent Cloud-based Health Care Architecture (ICHCA). As shown in Fig. 1 , ICHCA is a generalized and conceptual framework which is composed of 4 modules: data presentation module, data source module, intelligent module and cloud computing module, which will be respectively introduced as below. [11] that is mainly provided by government. The Health Bank is e-health information system developed by Taiwan government to provide personal health information. Taiwanese citizens can get their own medical information through the Health Bank. Open data is a global trend for data sharing. This module integrates the open datasets in the long-term care field, such as the geographic map of long-term care.
Intelligent Module
Intelligent Module integrates Association Rule with Semantic Web into Cloud Computing environment. Association Rule extracts the relationship between different datasets to capture implicit rules. These implicit rules can be used on top of ontology. The ontology is a mainly technology of Semantic Web that is a Web-based knowledge presentation in the internet. Jena [12] is an inference engine developed by Apache to provide an ontology-based reasoner for semantic-based markup language, including RDF [13] , RDFS [14] , and OWL [15] .
Cloud Computing Module
Cloud Computing Module consists of Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a Service (SaaS). SaaS provides services to end users, while IaaS and PaaS provide services to cloud application developers. The SaaS supports to develop health care information system. The PaaS is developed based on Hadoop and Spark cloud computing environment. The IaaS adopts ubuntu operation system in high-performance cluster computers.
Cloud Medical Knowledge Platform
To validate the feasibility of ICHCA architecture proposed in this paper, this study develops the Cloud Medical Knowledge Platform(CMKP) prototype based on ICHCA, as shown in Fig. 2 . The illustration below is mainly based on dataflow stream. Users can access the health record in health bank and import personal health record into CMKP. Ontology is shown in Fig. 3 . Figure 4 shows partial OWL-based code of Diseases Ontology.
Health Bank
Health Bank is a health care information system developed by Taiwan to provide personal disease record. The CMKP converts personal disease record to an RDF-based format to invoke jena inference engine. Figure 5 shows partial code of RDF-based personal disease record. 
Experimental Results
After describing the framework for enhancing the intelligent capabilities of CMKP, a preliminary experiment is performed to evaluate system efficiency based on cloud computing environment. The hadoop-based Spark cloud computing environment is composed of a single master server and six salve servers. Each server consists of CPU I7-2600 3.4GHz, RAM 16G, and two hard disks with capacities of 2T and 500G, respectively. This study executes two cloud computing approaches, Spark MLlib 2.1.0 (called MLlib for short) and Apache Mahout 0.8 (called Mahout for short).
This experimentation measures the data size from 100M to 1000M, with 100M per gap. Figure 6 presents the performance of the MLlib and Mahout approaches. There are two lines: one is the execution time of Mahout for each point from 100M to 1000M. It takes 74 seconds to execute until 100M and 179 seconds to execute until 1000M; the other line is the execution time of MLlib. It takes 21 seconds to execute until 100M and 27 seconds to execute until 1000M. This experimentation showed that compared with MLlib, the execution time of Mahout is more seriously affected by the change of data set, while the performance of MLlib is better than Mahout. 
Conclusions
This study presents an Intelligent Cloud-based Health Care Architecture (ICHCA) for modular design, which consists of data presentation module, data source module, intelligent module and cloud computing module to facilitate the development of long-term care information systems. This ICHCA enables long-term care information systems to support an intelligent cloud-based health care. The Cloud Medical Knowledge Platform(CMKP) prototype is developed to verify the feasibility of the proposed ICHCA. The CMKP is evaluated using two different cloud computing approaches, Spark MLlib 2.1.0 and Apache Mahout 0.8. The experimental results show that the performance of Spark MLlib 2.1.0 is better than Apache Mahout 0.8.
